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© Ophthalmic lens. 



© An ophthalmic lens having a size, shape, and 
composition adapted to be supported by the human 
eye in the optical path of the eye as an intraocular, 
contact, or corneal implant lens, includes a biocom- 
patible lens body (12) having a size and shape 
adapted to be supported by a human eye in the 
optical path of the eye. An optical portion (13) of the 
lens body has anterior and posterior surfaces (15,16) 
and a grooved portion (14) defining a modified Fres- 
nel or echelon lens pattern in at least one of the 
anterior and posterior surfaces. The modified eche- 
lon lens pattern includes, between the grooves (17), 
annular zones that are configured so that at least 
some of the annular zones exhibit optical character- 
istics that vary circumferentially in order to at least 
(partially correct for astigmatism. 
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Ophthalmic Lens 



This invention relates generally to lenses, and 
more particularly to an ophthalmic lens providing 
astigmatism correction. 

Ophthalmic * lenses include intraocular lenses 
(lOL's), contact lenses, and corneal implant lenses. 
Each of these has an optical portion with anterior 
and posterior surfaces, and some means for use in 
supporting the optical portion on the eye. 

An IOL, for example, may include resilient fix- 
ation members projecting radially from the optical 
portion that support the lens within the posterior or 
anterior chambers of the eye. Contact lenses, on 
the other hand, have a curved posterior surface 
which adapts them to be retained by the surface 
tension of tears, and corneal implant lenses com- 
monly include a peripheral portion that is implanted 
in a pocket formed in the cornea. 

Apart from these differences, the lenses serve 
a similar function. They help focus impinging light 
on the retina according to the refractive index of 
the lens material and the radius of curvature of the 
lens surface. In doing this, they may sometimes 
provide astigmatism correction as well. 

In many cases, however, an undesirably thick 
lens is required to produce the optical characteris- 
tics desired so that the lens may be thicker or 
heavier than, desired for satisfactory retention on 
the eye. In addition, high refractive index materials 
may be less nutrient permeable. 

A corneal implant lens, for example, may be 
implanted by removing a forward portion of the 
cornea and suturing it back on over the lens. Thus, 
lightness, thinness, and nutrient permeability are 
desired. For another example, the implantation of 
soft lOL's often involves folding the lens to facilitate 
insertion into the eye and occasional refolding un- 
der certain circumstances dictating removal. Thus, 
thinness for folding purposes is desired as well. 

In this regard, German Patent No. DE 3439551 
A1 describes a one-piece natural lens substitute 
that can be folded for insertion into the anterior or 
posterior chamber of the eye. It employs a conven- 
tional Fresnel lens pattern that includes individual 
periaxial annular zones separated by steps. The 
radii of curvature of the individual zonal areas are 
selected so that the focal points of all zones co- 
incide, and this results in a thinner, foldable lens. 

Although effective in some respects for reduc- 
ing tens thickness, the Fresnel lens pattern does 
not provide the astigmatism correction often de- 
sired. Thus, there is a need for an ophthalmic lens 
having attributes of lightness, thinness, and, for 
some applications, foldability, while providing astig- 
matism correction. 

This invention solves the problems outlined 



above by providing an ophthalmic lens having an 
echelon (Fresnel) lens pattern modified to include 
at least some annular zones configured to exhibit 
optical characteristics that vary circumferentially in 

5 order to correct for astigmatism. 

Thus, the lens can be made light, thin, foldable, 
and nutrient permeable, and still provide desired 
optical characteristics, including astigmatism cor- 
rection, for vision correction purposes. The lens 

io body can for example be of material selected from 
silicone, polyurethane and polymethylmethacrylate 
materials. 

Generally, an ophthalmic lens constructed ac- 
cording to the invention includes a biocompatible 

rs lens body having a size and shape adapted to be 
supported by a human eye in the optical path of 
the eye, which lens body has an optical portion 
with anterior and posterior surfaces. 

According to a major aspect of the invention, 

20 the optical portion has a grooved portion defining , a 
modified echelon lens pattern in at least one of the 
anterior and posterior surfaces. The modified eche- 
lon lens pattern includes annular zones, at least 
some of which are configured to exhibit optical 

25 characteristics that vary circumferentially in order 
to at least partially corrects for astigmatism. . 

According to another aspect of the invention, 
the ophthalmic lens includes retaining means for 
use in retaining the lens on the eye. This may be a 

30 separate fixation member attached to an intraocular 
lens body for use in retaining the lens in the 
anterior or posterior chambers of the eye. 

The grooved portion may be located in the 
anterior surface or the posterior surface, and the 

35 modified echelon lens pattern may take the form of 
annular prismatic grooves that cover substantially 
all of the optical portion of the lens. 

The above-mentioned and other objects and 
features of this invention and the manner of attain- 

40 ing them will become apparent, and the invention 
itself will be best understood, by reference to the 
following description of preferred embodiments of 
the invention taken in conjunction with the accom- 
panying drawings, in which : 

45 FIGURE 1 of the drawings is a plan view of 

an intraocular lens according to the invention hav- 
ing separate fixation members for use in retaining 
the lens in the posterior chamber of the eye; 

FIGURE 2 is a side view of the intraocular 

50 lens; 

FIGURE 3 is a cross sectional view of the 
intraocular lens taken on line 3-3 of Figure 1; 

FIGURE 4 is a diagrammatic view showing 
an enlarged portion of the cross sectional view of 
Fig. 3; 
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FIGURE 5 illustrates a contact lens accord- 
ing to the invention with a concave posterior sur- 
face defining the modified echelon lens pattern; 

FIGURE 6 is a cross sectional view taken on 
line 6-6 of Ftgure 5; 

FIGURE 7 is a cross sectional view of a 
corneal implant lens having a convex anterior sur- 
face defining the echelon lens pattern; and 

FIGURE 8 is a cross sectional view of the 
eye with the intraocular lens of Fig. 1 shown re- 
tained in the posterior chamber. 



Description of the Preferred Embodiments 

The drawings show three versions of ophthal- 
mic lens constructed according to the invention, 
intraocular lens 10 (Figs. 1-4 and 8), contact lens 
100 (Figs. 5 and 6), and corneal implant lens 200 
(Fig. 7). Generally, these lenses include a biocom- 
patible lens body, an optical portion of the lens 
body, and a grooved portion of the optical portion 
defining a modified echelon lens pattern. 

In each case, the lens body has a general size, . 
shape, and composition adapted to be supported 
by a human eye in the optical path. It is similar in 
some respects to known lenses, the lens body 
being suited for the particular type of application, 
such as intraocular, contact, or corneal implant. In 
this regard, the lens body maybe composed of 
any of the various materials used for known lenses. 

Similarly, the optical portion of the lens body is 
in some respects comparable to existing lenses. 
Preferably, it encompasses most or all of the lens 
body and provides desired optical characteristics 
for vision correction purposes. It may cover just a 
central region of the lens body, or an annular 
region or other segment. 

The grooved portion of the optical portion is 
different, however. It incorporates a modified Fres- 
nel or echelon lens pattern having the desired 
optical characteristics. This achieves a significant 
reduction in lens thickness and weight and a cor- 
responding increase in flexibility, while at least par- 
tially correcting for astigmatism with an ophthalmic 
lens. 

The echelon lens pattern includes "annular 
zones", that term including annular segments or 
zones that do not extend a full three hundred sixty 
degrees. In other words, an echelon lens pattern 
employing segments -is within the scope of the 
inventive concepts disclosed and claimed. These 
annular zones are modified as compared to a con- 
ventional echelon lens pattern in the sense that at 
least some are configured to exhibit optical char- 
acteristics that vary circumferentiaily around the 
annular zones for astigmatism correction purposes: 



German Specification DE-A-3439551 entitled "One- 
Piece Implantation Lens" may be referred to for 
details of a lens with a conventional Fresnel lens 
pattern. 

5 Considering first the intraocular lens 10 illus- 

trated in Figs. 1-3. it includes a circular lens body 
12. a circular optical portion 13, and a grooved 
portion 14 that defines the modified echelon lens 
pattern. The optical portion 13 in the illustrated 

w embodiment covers the entire lens body and it has 
a posterior surface 15 and an anterior surface 16 
(Figs. 2 and 3). 

The grooved portion 14 includes a series of 
annular concentric prismatic grooves 17 in the an- 

75 terior surface 16 that divide the optical portion 13 
into annular zones (the region between grooves). 
These define the modified echelon lens pattern 
which can partially or completely cover the optical 
portion 13. The grooves 17, although preferably 

20 circular, can have other configurations, such as 
oval, depending on the precise application. Prefer- 
ably, the resulting annular zones extend a full three 
hundred sixty degrees, although they may extend 
less than that. 

25 Fixation members, 18 and 19 extend radially 

from the lens body 12. These serve as retaining 
means , for use in retaining the lens 10 on the eye 
within the posterior chamber of the eye. They may 
be configured and attached utilizing structure simi- 

30 lar to •■••that described -in EP-A-0226400 and - - 
0227357 to which attention is directed for further 
detail. , ; 

The lens 10 is composed of a foldable ma- 
terial, and it is folded and inserted into the eye, 

35 with the fixation members 18 and 19 being then 
seated in one or both of the ciliary sulcus and the 
capsular bag so that the optical portion lies in the 
optical path of the eye with the central axis of the 
optical portion 13 substantially coaxial with the op- 

40 tical axis of the eye. In. this position, incident light 
rays pass through the lens, refracted along the way 
according to the modified echelon lens pattern. 

The series of concentric grooves 17 forming 
the modified echelon lens pattern are spaced apart 

45 and individually shaped according to known tech- 
niques to achieve the desired optical characteris- 
tics. They form a modified Fresnel pr echelon lens 
pattern in the sense that they are somewhat like a 
conventional Fresnel or echelon lens pattern but 

so sufficiently different to correct for astigmatism. Like 
a conventional echelon lens pattern they form a 
series of discrete prismatic surfaces or echelon 
surfaces that cooperatively direct incident light rays 
generally toward a common focus, thereby approxi- 

55 mating a continuous lens surface while eliminating 
lens bulk. But unlike the conventional echelon lens 
pattern, they are configured to vary in optical char- 
acteristics circumferentiaily for astigmatism correct- 
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ing purposes. 

In other words, at least some of the annular 
zones exhibit optical characteristics that vary for 
different values of an angle 20 in Fig. 1. This is 
done so that each prismatic surface approximates 
a corresponding segment on the surface of a con- 
ventional astigmatism correcting lens, so that to- 
gether they achieve characteristics similar to those 
of the conventional astigmatism correcting lens 
without the lens bulk needed to define the usual 
curved lens surface. 

Fig. 4 further illustrates this aspect in diagram- 
matic form, it depicts an enlarged portion of the 
cross sectional view of Fig. 3, and it includes a 
series of grooves 21-23 that represent specific 
ones of the series of grooves 17 in Figs. 1-3. The 
grooves 21 and 22 result in a prismatic surface or 
step 24 extending from the groove 22 to an apex 
25, and the grooves 22 and 23 result in a prismatic 
surface or step 26 extending from the groove 23 to 
an apex 27, the apexes 25 and 27 defining the 
anterior surface 16 referred to above that is des- 
ignated in Figs. 2 and 3. 

The distance between adjacent apexes, such 
as between the apex 25 and the apex 27, is the 
groove width, and with currently available fabrica- 
tion techniques this may be on the order of 0.1 to 
0.5 millimeter or less. This results in a groove 
frequency of two to ten grooves per millimeter or 
more, and a correspondingly sharp image despite 
the discrete steps of the modified echelon lens 
pattern. 

Each step, such as the step 26. is inclined 
relative to the optical axis to approximate a cor- 
responding segment on the surface of a conven- 
tional astigmatism correcting lens having the de- 
sired characteristics. This results in an apex angle 
28 which varies for different meridians for astig- 
matism correcting purposes so that the step 26 
exhibits optical characteristics that vary for different 
values of the angle 20 in Fig. 1 . 

The variation can be generally continuous or 
include step variations without departing from the 
inventive concepts disclosed. In addition, the 
grooves can be configured so that optical char- 
acteristics vary radially from step to step (groove to 
groove) also, to achieve other desired optical char- 
acteristics. Incident light rays, such as a ray 29, are 
refracted accordingly toward a focal point which, 
when the IOL is implanted, lies substantially at the 
retina. 

The foregoing illustrates the manner in which 
the ophthalmic lens of this invention achieves a far 
thinner profile while correcting for astigmatism. The 
particulars of echelon lens design are well devel- 
oped in the art, and they are not discussed in 
further detail. They are utilized to produce an apex 
angle that varies circumferentially as described 



above for astigmatism correcting purposes. 

Fabrication of the intraocular lens 10 proceeds 
accordingly using known techniques, such as preci- 
sion niolding and laser etching. It may be of known 

5 composition, such as a silicone or polymethyl- 
methacrylate material. 

The contact lens 100 in Figs. 5 and 6 is similar 
to the intraocular lens 10 in several respects, and 
some reference numerals are increased by 100 

w over those designating similar features in Figs. 1-3. 
The contact lens 1 00 includes a circular lens body 
112, a circular optical portion 113, and a grooved 
portion 114 of the optical portion that defines a 
series of annular concentric grooves 117 in the 

75 form of a modified echelon lens pattern. 

The lens body has a size, shape, and composi- 
tion adapted to be used as a contact lens. It is 
similar in this respect to conventional contact len- 
ses, and is fabricated using known techniques us- 

20 ing an oxygen permeable material such as a poly- 
hydroxyethylmethachrylate material, commonly 
called "phema," or a 

vinylpylrolidone/methylmethachrylate material, 
commonly called "vp/mma." A relative hard, gas 

25 permeable material, such as a silicone .acrylate 
material, may also be used. , - - 

The optical portion 113 has a concave^ pos- 
terior surface 115 and a convex anterior surface 
116. In use, the posterior surface 115- faces the 

30 cornea of the eye, the curved posterior , surface 
serving as means for use in retaining the; lens 100 
on the eye by surface tension of tears. n 

The grooved portion 114 is formed in the pos- 
terior surface so that there is a generally uniform 

35 environment presented to the modified echelon 
lens pattern, i.e. the tears. Thus, optical character- 
istics can be better predicted. In addition, the op- 
tical portion 113 encompasses only a portion of the 
lens body 112, there being an annular outer portion 

40 150 that lies beyond the optical path of the eye. 

The corneal implant lens 200 in Fig. 7 is also 
similar in many respects to the intraocular lens 10, 
and some reference numerals are increased by 
200 over those designating similar features in Figs. 

45 1-3. It includes a lens body 212, a circular optical 
portion 213, and a grooved portion 214 of the 
optical portion that defines a series of annular 
concentric grooves 217 in the form of a modified 
echelon lens pattern. 

so The lens body has a size, shape, and composi- 
tion adapted to be used as a corneal implant lens. 
It is similar in this respect to conventional corneal 
implant lenses, and is fabricated according to 
known techniques using a glucose permeable ma- 
ss terial, such as a polyhydroxyethylmethachrylate 
material or a vinylpylrolidone/methylmethachrylate 
material. 

The optical portion 213 includes a concave 
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posterior surface 215 and a convex anterior surface 
216. It encompasses a substantial portion of the 
lens body 212, extending to a periphery portion 
251 that is placed in a pocket in the cornea where 
it serves as means to retain the corneal implant 
lens 200 on the eye. The series of grooves 217 are 
formed in the anterior surface 216 so that they face 
outwardly from the eye when the lens is implanted, 
away from sensitive tissue. 

Considering now Fig, 8, there is shown the 
intraocular lens 10 in place within eye 60, accom- 
plished according to the method of correcting vi- 
sion of the invention. The method includes provid- 
ing an ophthalmic lens having a modified echelon 
lens pattern, and retaining the ophthalmic lens in 
the optical path of the eye. The lens 10 is im- 
planted according to these steps. 

Iris 61 lies between anterior chamber 62 and 
posterior chamber 63, and the lens 10 is mounted 
within the posterior chamber with the fixation mem- 
bers 18 and 19 seated in the ciliary sulcus 64. In 
this position, the lens 10 ties in the optical path or 
axis 65 of the eye. where the modified echelon 
lens pattern directs incident light to a desired focus 
on the retina of the eye, doing so with a far thinner 
profile than conventional lenses. 

Retention of the lens 10 on the eye 60 illus- 
trates the manner in which lOL's are often im- 
planted to correct vision loss due to cataracts, the 
natural iens of the eye being removed. An ophthal- 
mic lens according to this invention can also be 
used to correct vision loss due to other causes, 
such as high myopia. The lens is implanted in the 
anterior chamber without removing the natural lens 
to compensate for extreme nearsightedness. In ad- 
dition, the ophthalmic lens of this invention can be 
used in circumstances where an ineffective IOL 
already implanted within the eye might otherwise 
have to be removed to make room for a replace- 
ment and such removal is considered difficult or 
dangerous. 

Because the lens 10 is so much thinner, it can 
be implanted in the eye adjacent an IOL that was 
previously implanted. For example, if the IOL pre- 
viously implanted is in the posterior chamber, the 
IOL of this invention may be implanted in the 
anterior chamber. Thus, the difficult and risky pro- 
cedure of removing the previously implanted IOL is 
avoided. 

Furthermore, the lens can be made light, thin, 
foldable, and nutrient permeable, and still provide 
desired optical characteristics, including astigma- 
tism correction, for vision correction purposes. 



Claims 

1. An ophthalmic lens, comprising: 

a biocompatible lens body having a size and shape 
5 adapted to be supported by a human eye in the 
optical path of the eye; 

the lens body having an optical portion with anter- 
ior and posterior surfaces; 

the optical portion having a grooved portion defin- 
70 ing a modified echelon lens pattern in at least one 
of the anterior and posterior surfaces; and 
the modified echelon lens pattern including annular 
zones that are configured so that at least some of 
the annular zones exhibit optical characteristics that 
75 vary circumferentially in order to at least partially 
correct for astigmatism. 

2. An ophthalmic lens as recited in Claim 1 t 
further comprising: 

retaining means for use in retaining the lens in or 
20 on the eye. 

3. An ophthalmic lens as recited in Claim 2, 
wherein: 

. the lens body has a size and shape adapted to be 
inserted in the anterior chamber of the eye as an 
25 intraocular lens; and 

the retaining means includes a separate fixation 
member attached to the lens body in the form of a 
fixation member extending generally radially from . 
the lens body. 

30 4. An ophthalmic lens as recited in Claim 2,. 
wherein: 

the lens body has a size and shape adapted to be . 
inserted in the posterior chamber of Jhe eye as an 
intraocular lens; and 
35 the retaining means includes a fixation member 
extending generally radially from the lens body. 

5. An ophthalmic lens as recited in Claims 1 or 
2, wherein: 

the lens body is composed of a resilient material 
40 that can be folded for implantation purposes. 

6. An ophthalmic lens as recited in Claim 2, 
wherein: 

the lens body has a size and shape adapted to be 
placed against the eye as a contact iens; 

45 the retaining means includes a curved portion of 
the posterior surface adapted to be retained 
against the eye by surface tension of tears; 
the lens body is composed of an oxygen per- 
meable material; and 

so the lens body is composed of a material selected 
from the group consisting of a polyhydroxyethyl- 
methachrylate material, a 

vinylpylrolidone/methylmethachrylate material, and 
a silicone acrylate material. 

55 7. An ophthalmic lens as recited in Claim 2, 
wherein: 

the lens body has a size, shape, and composition 
adapted to be implanted in the cornea of the eye 
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as a corneal implant lens; 

the retaining means includes a periphery portion of 
the lens body adapted to be retained within a 
pocket formed in the cornea of the eye; 
the lens body is composed of a glucose permeable 5 
material; and 

the lens body is composed of a material selected 
from the group consisting of a polyhydroxyethyl- 
methachrylate material and a 

vinylpylrolidone/methylmethachrylate material. w 

8. An ophthalmic lens as recited in Claim 1, 
wherein: 

the grooved portion is in one of the anterior surface 
and the posterior surface; 

the one of the anterior and posterior surfaces in 75 
which the modified echelon lens pattern is defined 
is either concave or convex; 
the modified echelon lens pattern includes a series 
of concentric prismatic grooves; 

the prismatic grooves define step widths less than 20 
0.5 millimeter; 

the modified echelon lens pattern includes annular 
grooves; 

the annular zones extend substantially 360 de- 
grees; 25 
the modified echelon lens pattern covers substan- 
tially all of the optical portion; 
the biocompatible lens body includes a body of 
transparent, resilient material; 

the lens body can be folded for implantation pur- 30 
poses; 

the lens body has a size, shape, and composition 
adapted to be implanted in the eye as an in- 
traocular lens; and 

the lens includes retaining means, including a sep- 35 
arate fixation member extending generally radially 
from the lens body, for use in retaining the lens in 
the eye; 

the lens including at least one echelon surface in 
the modified echelon lens pattern that is inclined 40 
relative to an optical axis of the lens an amount that 
varies circumferentially for astigmatism correction 
purposes. 

9. An opthalmic lens as recited in Claim 2, 
wherein: 45 
the lens body has a size and shape adapted to be 
inserted in the anterior chamber of the eye without 
removing the natural lens; and 

the retaining means includes a fixation member 
extending generally radially from the lens body, so 

10. A method of correcting vision, comprising: 
providing an ophthalmic lens having a modified 
echelon lens pattern with suitable optical character- 
istics for at least partially correcting for astigma- 
tism; and 55 
retaining the ophthalmic lens by the eye in the 
optical path of an eye. 
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